The theoretical characterization of the self-organizing molecular structures emerging from ensembles of distinct interacting chemicals turns to be very important in revealing those dynamics that led to the transition from the non-living to the living matter as well as in the design of artificial protocells [12, 13, 14] . In this work we aim at studying the role of a semi-permeable membrane, i.e. a very simple protocell description, in the dynamics of a stochastic model describing randomly generated catalytic reaction sets (CRSs) of molecules. Catalytic reaction sets are networks composed of different molecules interacting together leading to the formation of several reaction pathways. In particular, molecules are representation of molecular species formed by a concatenation of letters (bricks) from a finite alphabet. Reaction pathways are formed by two kinds of reaction only, namely condensation, where two molecular species are glued together in order to create a longer species and cleavage where a molecular species is divided in two shorter species, Figure 1 , Filisetti et al. [3, 4] . We present here only a brief summary of the principal characteristics and a description of the new features. An assumption of the model is that each reaction needs a catalyst to occur; hence spontaneous reactions are neglected at this stage of the model.
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To create the reaction scheme, the molecular species involved in the reactions are randomly chosen at the beginning of the simulation according to a fixed probability p that a random species catalyzes a random reaction. In accordance with both the species and the reactions created, in different realizations [6, 8, 9] and Vasas et al. [15] . We introduce in this model a semi-permeable membrane able to entrap all those molecular species longer than a certain threshold. In order to reveal the role of the semi-permeable membrane we compare the dynamics of the same chemistry, i.e. the same reaction scheme, within a CSTR and a protocell (kinetic parameters are the same as well). An important feature of the model proposed here is that in accordance with the reaction scheme new molecular species can be created by the dynamics. Each time that a new species is created, according to p new reactions involving the possible interactions between the new species and the already present species are created. Thus, the system can grow in time increasing the number of molecular species and the number of reactions, Filisetti et al. [3, 4] . In order to consider the role of stochastic fluctuations due to the low-number-effects on the overall dynamics, we adopt a stochastic description of the system, thus dynamics are simulated using a hybrid version the well-known Gillespie algorithm [5] . The first remarkable difference between the dynamics within a CSTR and within a protocell concerns the overall mass of the system here represented as the total number of bricks present in the system. In accordance with the nature of the system, a continuous incoming flux of nutrients and a continuous outgoing flux of all the molecular species, within a CSTR the overall mass reaches always a dynamical equilibrium. On the opposite, a protocell may never reach a dynamical equilibrium. In particular, while within a CSTR distinct simulations of the same chemistry show the same dynamical equilibrium, within a protocell the same chemistry reaches different dynamical states starting from the same initial conditions. A further important outcome is directly connected with the presence of the semi-permeable membrane. Some molecular species, that are expelled adopting a CSTR framework, remain entrapped within a protocell if longer than a certain threshold. This process leads to the formation of a pool of catalysts, no longer created by the system dynamics, responsible of the conservation, or of the dismantling, of certain reaction pathways. It is worthwhile to remark that the direct consequence of this phenomenon is the formation of different protocell compositions, a necessary requirement for the establishment of a population of different protocells competing for the same limited resources. Finally, an important compositional remark concerns the maximum length of the species created by the dynamics. While within a CSTR, always observing the dynamics of the same chemistry, only species with a maximum length of 8 are observed, protocells are able to produce species up to length 11 indicating a greater capability to produce more complex compositions. Further analysis are necessary for a better comprehension of the role played by a semi-permeable membrane on the dynamics of catalytic reaction networks.
